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Introduction
Predation risk constitutes an important cost to prey species, and exerts selection pressure on their behaviour (Lima & Dill, 1990) . A crucial prerequisite to any form of active predator avoidance is the recognition, efficient detection, and avoidance of the predator (Jones & Dayan, 2000) . Several species use olfaction to detect the presence of a predator or to identify areas which predators frequent and thus where predation risk is potentially high (Lima & Dill, 1990; Sih et al., 1990) . Predator recognition and detection using olfaction may be particularly important when vision is limited, such as in a burrow or at night (Stoddart, 1982) . Olfaction may also be essential to detect predators which are cryptic or adopt an ambush foraging strategy (Chivers et al., 1996) .
The olfactory signals that prey animals use to detect potential predators need not originate directly from the predator, but could be derived from predator faecal material, urine and gland secretions (Sullivan & Crump, 1984; Jones & Dayan, 2000) . Apart from signalling the presence of a predator, the metabolic by-products (e.g. secretions, faeces) of a predator's diet can chemically label it, allowing prey individuals to assess predation risk. For example, fathead minnows (Pimephales promelas) are able to detect conspecific chemical alarm cues in the faeces of one of their main predators, the northern pike (Esox lucius), and use this cue to avoid areas labelled with the faeces of pike that had fed on fathead minnows and not other prey (Mathis & Smith, 1993a, b) . As a counter-strategy, the pike defecate away from their foraging areas (Brown et al., 1995) .
Olfactory recognition of predators by rodents is well documented (Stoddart, 1980). Predator faeces, urine and glandular secretions or compounds isolated from such materials have been reported to suppress feeding activity (Epple et al., 1993) , reduce trapping success (Stoddart, 1980; Dickman & Doncaster, 1984) , and decrease activity levels (Gorman, 1984; Jones & Dayan, 2000) in rodents. In contrast to the situation with mammalian predators, little is known about how rodents respond to odours of reptilian predators, although laboratory mice (Mus musculus) detect and respond to body odours and shed skin extracts of rat snakes (Elaphe obsoleta; Weldon et al., 1987) and some desert rodents display anti-predator responses to snake body odour (Randall et al., 1995 
and references therein).
Our experiments tested the responses of striped mice Rhabdomys pumilio to the faeces of the elapid snake, the rinkhals Hemachatus haemachatus. Rhabdomys pumilio is a small (approximately 40 g) diurnal murid rodent that has a wide distribution in South Africa (De Graaff, 1981) , and is usually one of the most abundant rodent species in highveld grassland.
Hemachatus haemachatus is a medium size (maximum total length 1.5 m) cobra-like elapid, restricted to the southern and eastern parts of southern Africa (Alexander, 1996 It has been shown in two previous studies that H. haemachatus was significantly more likely to defecate away from their retreats, and one possible explanation of this bias is that the snakes are attempting to conceal their presence to predators or prey (Van der Merwe & Alexander, 1997; Lazenby & Alexander, 1998). For this 'concealment hypothesis' to be valid, prey would necessarily need to be able to recognise snake's faeces. Therefore, we predicted that R. pumilio would display anti-predator responses when presented with H. haemachatus faeces. Since it is not known whether rodents are capable of diet-related predator-labelling, we used this opportunity to test the responses of R. pumilio when presented with faeces from H. haemachatus that were fed on R. pumilio to those from individuals that were fed on laboratory mice (Mus musculus).
Materials and methods
Twenty-four adult R. pumilio (12 of each sex) were used in the study. They were live-trapped at Suikerbosrand Nature Reserve (26031'S; 28°15'E), 40 km SE of Johannesburg, South Africa, and housed individually in Lab-o-tec cages (400 x 250 x 120 mm), under partially controlled conditions (25°C, 30-50% rH, light regime 14L: 10D, lights on at 05h00). Epol mouse cubes and water were provided ad libitum, and the diet was supplemented with sunflower and maize seeds. Hay and woodshavings served as cover and bedding respectively. Experiments began after a two-week acclimatization period, which allowed the mice to become accustomed to captive conditions. Test R. pumilio were subjected individually to three sequential tests, so that each mouse was exposed to three treatments: mouse bedding -bedding of laboratory-bred house mice M. musculus containing secretions, urine and faeces; snake faeces from house mouse meals; and snake faeces from R. pumilio meals. The sequence of the treatments for each test mouse was randomly determined, with individuals tested with one treatment per day, and rested for at least a week between treatments.
We collected snake faeces from 16 H. haemachatus that were maintained in captivity in the Milner Park Animal Unit, University of the Witwatersrand for other research purposes. Snakes were fed either dead R. pumilio or M. musculus on a monthly basis from existing laboratory rodent colonies. We controlled for the effects of the individual snakes and duration of storage of the faeces by feeding each rodent type to half the snakes at each feed, and alternating the pattern on the subsequent feed. Faeces containing the partially digested remains of the mice were collected on the day of defecation and pooled according to the diet of the snakes. Faeces were stored at -25°C and defrosted before use. Test samples of mouse bedding were obtained by collecting the soiled bedding (woodshavings, faeces and urine) of laboratory-bred house mice M. musculus whose cages had not been cleaned for a week. The bedding material was frozen and used in the same way as the two types of faeces.
Experiments were conducted in the home cage of the test animals. The test animal was removed from its cage for a minute and approximately 30 g of the test sample, either faeces or mouse bedding, added to the cage; the sample was always placed at a point furthest from the nest (range 250-410 mm) on the long axis of the cage. The test animal was returned to its cage by placing it in its nest and thereafter its behaviour was video-recorded for 15 min. All experiments were conducted between 09h00 and 1 lh00, coinciding with the period of maximum diurnal activity of R. pumilio (Pillay, 2000) . At the end of tests, individuals were transferred to clean cages.
Videos were scored by one of us (NP) following a double-blind protocol. The duration and frequency of four behaviours displayed by test animals was scored continuously. The behaviours included (i) investigation of the test sample (e.g. sniffing, touching); (ii) explore (walking and running around the cage, sometimes marking); (iii) inactive (sitting still with few body movements); and (iv) stereotypic climbing of the cage-lid.
The data set was log transformed. A one-way MANOVA with a repeat measures design (after Zar, 1996) was used to test for statistical differences between the sexes and treatments. The post hoc Tukey HSD test was used to reveal behavioural differences between sexes, treatments, or the interactions between these. All tests were two-tailed, and a was set at 0.05. Figure 1 gives the duration of the four behaviours displayed by test animals exposed to the three treatments. The treatment used had a significant effect (MANOVA: .8,15 = 0.520, p = 0.0001) on the behaviour of test subjects, regardless of their sex (MANOVA: X4,19 = 0.945, p = 0.888). Post-hoc tests revealed four patterns in terms of the behaviours observed. 1. Investigation of treatments by test subjects revealed a graded response (Fig. la) , decreasing significantly from mouse bedding to faeces with mouse remains to faeces with R. pumilio remains. 2. Test subjects explored the cage for significantly shorter durations when presented with faeces with R. pumilio remains than the other two treatments (Fig. lb) . 3. A graded response was also observed in the levels of inactivity, which increased significantly from mouse bedding to faeces with mouse remains to faeces with R. pumilio remains (Fig. Ic) . 4. Compared to the other two treatments, faeces with R. pumilic remains elicited longer stereotypic climbing of the cage lid (Fig. Id) . Cage lid climbing was the most variable behaviour, with and an overall SE = 29-32% of the mean compared to 3-20% for the remaining three behaviours (Fig. 1) . The interaction between sex and treatment (MANOVA: X8,15 = 0.476, p = 0.3108) did not significantly affect the duration of the behaviours displayed. The frequency of the behaviour of male and female R. pumilio exposed to the three treatments is shown in Fig. 2 . Like duration, frequencies of behaviours were affected by the treatment (MANOVA: X8,15 = 11.095, p = 0.000 1). The number of times that test samples were investigated decreased from mouse bedding to faeces with mouse remains to faeces with R. pumilio remains. In contrast, the frequency of stereotypic cage-climbing behaviour was more common when animals were presented with faeces with R. pumilio remains than with mouse bedding. Frequencies of exploratory and inactive behaviour did not vary across treatments. There were no overall differences between the sexes (MANOVA: X4,19 = 1.11, p = 0.381) and 
Results

Discussion
Our study revealed a graded response by R. pumilio to the three treatments, resulting in two trends. Firstly, R. pumilio reacted differently when presented with mouse bedding than H. haemachatus faeces, and secondly, R. pumilio discriminated between H. haemachatus faeces with M. musculus remains and those with R. pumilio remains. Rhabdomys pumilio appears to be able to recognise a snake predator by the presence of its faeces, and alters its behaviour. Apart from decreasing levels of exploratory behaviour, increasing inactive behaviour, and avoiding faecal samples, R. pumilio also displayed more stereotypic cage-lid climbing in the presence of H. haemachatus faeces than when mouse bedding was present. While decreasing activity is seen as an anti-predator response (Gorman, 1984; Putlitz et al., 1999) , repetitive cage climbing is not. However, stereotypic behaviour has been regarded as a coping response to adverse captive environments (Rushen, 1993) , such as impoverished cage conditions (Schoenecker & Heller, 2000) . Therefore, stereotypic cage-lid climbing indicates that R. pumilio reacted negatively to the presence of H. haemachatus faeces and could be viewed as an anti-predator response. Similarly, dashing behaviour by fathead minnows in response to alarm cues of conspecifics is viewed an escape response (Lawrence & Smith, 1989) .
Rhabdomys pumilio displayed heightened responses (decreased activity, avoidance of faecal samples and increased stereotypy) to faeces of H. haemachatus fed R. pumilio compared to those fed M. musculus, suggesting that R. pumilio is capable of detecting conspecifics in the diet of H. haemachatus, and is thus capable of diet-related labelling of predators. Such labelling has not been shown to occur previously in rodents but is common in many invertebrate and vertebrate aquatic prey species ( 
